All-solid-state Li-ion batteries with metallic Li anodes and solid electrolytes could offer superior energy density and safety over conventional Li-ion batteries. However, compared with organic liquid electrolytes, the low conductivity of solid electrolytes and large electrolyte/electrode interfacial resistance impede their practical application. Garnet-type Li-ion conducting oxides are among the most promising electrolytes for allsolid-state Li-ion batteries. In this work, the large-radius Rb is doped at the La site of cubic Li6.10Ga0.30La3Zr2O12 to enhance the Li-ion conductivity for the first time. The Li6.20Ga0.30La2.95Rb0.05Zr2O12 electrolyte exhibits a Li-ion conductivity of 1.62 mS cm-1 at room temperature, which is the highest conductivity reported until now. All-solid-state Li-ion batteries are constructed from the electrolyte, metallic Li anode, and LiFePO4 active cathode. The addition of Li(CF3SO2)2N electrolytic salt in the cathode effectively reduces the interfacial resistance, allowing for a high initial discharge capacity of 152 mAh g-1 and good cycling stability with 110 mAh g-1 retained after 20 cycles at a charge/discharge rate of 0.05 C at 60 °C. retained after 20 cycles at a charge/discharge rate of 0.05 C at 60 °C.
Introduction
All-solid-state Li-ion batteries based on solid electrolytes offer the possibility to solve safety issues of traditional Li-ion batteries arising from the leakage of flammable organic liquid electrolytes. Therefore, intensive efforts are being enforced to advance all-solid-state batteries towards a safe and stable power source. 1, 2 Applications requiring power sources operating at high temperature and pressure in military, space exploration, mineral and fossil fuel exploitation, are particularly important; all-solid-state Li-ion batteries are considered as currently the best choice. 3 Moreover, all-solid-state Li-ion batteries utilizing high voltage electrode and metallic Li with the highest specific capacity (3860 mAh g -1 ) and the lowest negative electrochemical potential (~3.04 V vs. the standard hydrogen electrode), widen the operating voltage window and maximize the capacity density, therefore, enhance the energy density. 4, 5 However, compared with organic liquid electrolytes, the low Li-ion conductivity of solid electrolytes and large electrolyte/electrode interfacial resistance largely hamper the practical applications of all-solid-state Li-ion batteries. 6-8 4 electrochemical window above 5 V; 13 therefore, it is one of the most promising solid electrolytes for all-solid-state Li-ion batteries. Murugan et al. first fabricated and characterized LLZO, 13 and cubic and tetragonal phases were found. 17 Cubic LLZO exhibits a Li-ion conductivity that is two orders of magnitude higher than that of tetragonal LLZO, 17 since the structure greatly affects the Li-ion distribution and subsequent migration pathway. 18 The tetrahedral modification possesses an ordered
Li-ion distribution, in contrast to the disordered distribution in the cubic phase, with the latter arising from the presence of vacancies. Pure LLZO is tetragonal at room temperature, however, the cubic phase can be stabilized by supervalent doping with 
Composition and structure analyses
The crystalline phase of the samples were analyzed by X-ray diffraction (XRD) using a XRD-7000S (Japan Shimadzu Corporation). The relative densities of the samples were measured by the Archimedes method using water. Neutron powder diffraction (NPD) was conducted on the samples using the high-resolution neutron powder diffractometer (ECHIDNA) at the Australian Nuclear Science and Technology Organisation (ANSTO). 38 The neutron beam wavelength was determined to be 0.162172(5) nm using the La 11 B 6 NIST standard reference material (SRM) 660b.
GSAS-II was used for structural refinements. 39 A field emission scanning electron microscope (FE-SEM, Sirion 200, Holland FEI Corporation) equipped with an energy dispersive X-ray detector (EDX) was used to investigate the microstructure and elemental distribution within the samples.
Conductivity measurements
Alternating current (AC) impedance measurements were undertaken using a Solartron 1260 impedance and gain-phase analyzer in the frequency range of 1 to 5 × 10 6 Hz at an amplitude of 50 mV at temperatures from 60 to 60 °C in an environmental test chamber. Li-ion blocking Ag electrodes were used for the tests.
The sample was kept at the desired temperature for an hour before each measurement.
The electronic conductivity was determined by the DC polarization method using an electrochemical station under an applied DC voltage of 0.1 V.
Fabrication of all-solid-state Li-ion batteries
The fabrication of all-solid-state Li-ion batteries was carried out in an Ar filled Afterwards, lithium metal was attached on the other side of the electrolyte pellet by a 10 N pressure after removing the oxide layer. Finally, a laminated all-solid-state battery was assembled into a coin cell for electrochemical tests.
Electrochemical measurements
Galvanostatic charge and discharge performances of LFPO/doped-LLZO/Li all-solid-state batteries were investigated using a LANHE CT2001A charge/discharge system (Wuhan LAND Electronics Co.) in the potential range of 4.0 to 2.8 V at 60 °C.
Before the charge/discharge, the battery was heated at 100 °C for 3 h and then at 60 °C for 24 h to increase adhesion between the metallic Li and electrolyte. The current density is normalized to the mass of LiFePO 4 , i.e. 1 C being 170 mA g -1 .
Moreover, Li/doped-LLZO/Li batteries were also assembled, and the DC cycling performance was characterized at 60 °C with a current density of 5 μA cm -2 .
Results and Discussion
Cubic Li 6.10+2y Ga 0.30 La 3-y Rb y Zr 2 O 12 garnets were prepared following the preparation method presented in Figure 1a . A ceramic pellet and the cubic garnet crystal structure are shown in Figure 1b and c, respectively. The Rb doping facilitates the densification of the garnet at a relatively low sintering temperature. More importantly, the larger ionic radius of Rb + (0.148 nm), compared with that of La 3+ (0.106 nm), offers the possibility to enlarge migration pathway for Li ions (Figure 1d ).
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The garnet structure was confirmed by X-ray diffraction (XRD) analysis as shown in Figure 2a . Figure 2b and c, and corresponding structural parameters are summarized in Table 1 . Li occupies 24d (tetrahedral) and 96h (octahedral) sites (Figure 1c) , with 96h sites deviating from the octahedral center (48g), Ga occupies Li (24d) sites, 26 and Rb is at the La-site; such a structure is consistent with the theoretical prediction of Miara et al.
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The microstructure of Li 6.10+2y Ga 0.30 La 3-y Rb y Zr 2 O 12 samples with different Rb contents are presented in Figure 3 . All samples exhibit high densification, being consistent with the relative densities measured by the Archimedes method in 
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